Introduction

39
In order to accurately estimate terrestrial water storage changes from GRACE obser- proposed a method to take uncertainties of input atmospheric models into account while 101 computing the ATM products, although this procedure has no significant effect on level
102
(ii) or (iii). Recently, Rudenko et al. (2016) indicated the significant impact of AOD1B
103
RL04 and RL05 on precise orbits of altimetry satellites. Their study showed the impor-104 tance of background models for producing more accurate altimetry and gravity l2 and 105 L3 data products.
106
In this study, to explore the major factors that may affect the quality of atmospheric (non-tidal) de-aliasing products, we carry out an evaluation of available products includ-6 hours (at 00:00 h, 06:00 h, 12:00 h, and 18:00 h) since year 1976. The procedure 136 of computing this product relies on the input six-hourly atmosphere fields that mainly 137 comprise surface pressure, geopotential, temperature, and specific humidity fields. These are available from http://www.ecmwf.int/research/era/do/get/era-interim, and 159 the 6-hourly ITG3D AD products are downloaded from http://www.igg.uni-bonn.
160
de/apmg/index.php. 
180
A brief summary of the above three candidate AD products can be found in Table. 1. 
181
where theρ nominal represents the nominal range rate measurements, which are obtained
200
by differentiating ranges ρ nominal as
where ν are state vectors (velocities) of GRACE satellite A or satellite B; e AB denotes 202 the unit vector along the direction of GRACE twin-satellite baseline, which is also the 
To obtain ρ nominal , we use
where X contains the positions of GRACE satellite A or satellite B. By substituting Eq.
206
(5) and Eq. (4) Appendix, which show that the magnitude of differences between de-aliasing products 215 exceed the noise floor of the ranging system. Therefore, development of AD products
216
should be considered to produce more accurate time-variable gravity fields.
217
In the following, we introduce the force models used to generate satellite state vectors.
218
The nominal static gravity field is modeled by GIF48 ( (Standish, 1995 
where T rev is the revolution period, and (A, B, C, D, E, and F) are coefficients that need 244 to be estimated using a least squares method. Subsequently, a 3-σ outlier detection is available (see Table. 1). The 3-hourly ATM RL06 will be later evaluated over a longer instead of ATM RL05 is found to be 2.8 nm/s, which is above 0.6 nm/s and indicates 294 that the RL05 data will be potentially an error source. In the same way, we can further by the red dashed line).
297
Comparing the RMS results from ESM and ITG3D (see Fig. 3(c) The estimated RMS of KBRR residuals along GRACE orbit is able to reflect the 306 overall impact of using different AD products on time-variable gravity field recovery.
307
Therefore, in the following, we present the gridded RMS of KBRR residuals to specify smaller RMS, and therefore, it is a better model for reducing high-frequency atmospheric 314 mass changes from gravity products, and the blue boxes represent vice versa.
315
In support of our assumption, a supplementary experiment between ESM-A and ESM-
316
Ac is setup to examine the impact of using a regional atmospheric model on the RMS 
331
In summary, we conclude that using KBRR residuals is an efficient and straight-forward 332 approach to assess the quality of AD products. Based on the assumption mentioned above, Fig. 4(a) demonstrates the differences 334 between ATM RL05 and ESM model (the former minus the latter), where it can be 335 observed that ESM has a considerable improvement over ATM RL05 at the majority of 336 the globe. The ratio of the red and the blue grid points is 78.9% : 21.1%, which could be 337 regarded as a global improvement in spite of some local deterioration. Particularly, 65% 338 of the red points has the strength beyond 1 nm/s that is sufficient to be monitored by 339 the laser ranging system (0.6 nm/s). Furthermore, Fig. 4(b) However, given the same input ERA-interim fields, the generated AD products may is that both ESM-A and ITG models reduce the KBRR residuals globally.
373
Considering Fig. 5(c) 
Effects on monthly mean gravity field
384
In previous sections, we show the approach and results of using in-orbit KBRR residu-385 als to assess AD products. In this section, we will assess how differences in these products 386 might be transferred to an ultimate monthly gravity solution. We should mention here 
427
In Fig. 7(a) , we show how differences of KBRR residuals can be related to EWH changes caused by these jumps. ATM RL05 and ITG3D are averaged daily and trans-429 formed to EWH. Subsequently, we calculate the differences between these daily EWH
430
maps. The results demonstrate that the daily differences before January 29th are similar
431
to that on January 29th (indicated by Fig. 7(a) ), min/max/spatially weighted root mean 432 squares (wrms) of the differences are found to be roughly 3.9/5.9/0.6. However, after 433 January 29th, min/max/wrms of the differences change sharply to -9.0/9.0/1.0, as shown 434 in Fig. 7(b) . We find that these changes mainly happen within the continents (see Fig.   435 7(b)), therefore, the daily mean of EWH within continents are plotted in Fig. 7(c) . The Table. 1). ATM RL06 is truncated at d/o 100 to be spectrally consistent 447 with other products. We also do not add the ocean part of RL06 to have a consistent 448 comparison.
449
The time-series of calibrated daily RMS of KBRR residuals derived from ATM RL05 450 is shown in Fig. 8a , from which a range of changes that is about 200-600 nm/s can be 451 detected. These values can be considered as our reference, to continue our comparisons.
452
An average improvement derived from using ITG3D instead of ATM RL05 is found to 453 be 2.4 nm/s (shown in Fig. 8(b) ), whose magnitude is insignificant. Figure 8 6-hourly AD products.
502
In our view, the above results suggest that changing input fields data from ECMWFop 503 to ERA-Interim is beneficial and improves the final quality of AD products, and this is 504 also found as the major cause of discrepancies between ITG3D, ESM, ATM RL05 and there is still room to work on the different options, which can be set during estimating 515 AD products, e.g., changing sampling rate, input data, and the details of 3-D integration 516 method. These settings must be ensured to be consistent with the processing strategy 517 of gravity inversion. Therefore, as a further validation, the improved 3-D integration 518 method as well as 3-hourly reanalysis data will be used to update the ITG3D model 519 in our future work. (2) Apart from the AD products considered in this contribution, 520 a possible investigation will be carried out to evaluate other background models, for 521 example, tidal and non-tidal ocean models, while considering GRACE or GRACE-FO,
522
as well as LISA-type or Bender-type future satellite gravity missions.
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